The timely discovery of cancer cell resistance in clinical processing and the accurate calculation of drug dosage to reduce and inhibit tumour growth factor in cancer patients are promising technologies in cancer therapy. Here, an optofluidic resonator effectively detects drug interactions with cancer cell processing in real time and enables the calculation of label-free drug-non-small cell lung cancer (NSCLC) epidermal growth factor receptor (EGFR) and binding ratios using molecular fluorescence intensity. According to clinical test and in vivo experimental data, the efficiencies of gefitinib and erlotinib are only 37% and 12% compared to AZD9291, and 0.300 μg of EGFR inactivation requires 0.484 μg of AZD9291, 0.815 μg of gefitinib and 1.348 μg of erlotinib. Experimental results show that the present method allows for the performance detection of drug resistance and for the evaluation of dosage usage. Boyer, "Randomized phase II study of dacomitinib (PF-00299804), an irreversible pan-human epidermal growth factor receptor inhibitor, versus erlotinib in patients with advanced non-small-cell lung cancer," J.
Introduction
Erlotinib and gefitinib tyrosine kinase inhibitors (TKIs) were serendipitously found to be the most effective in advanced NSCLC clinical development [1] . They are reversible smallmolecule ATP analogues originally designed to inhibit the TK activity of wild-type EGFR [2] . However, patients ultimately develop disease progression, often driven by the acquisition of a second T790M EGFR TKI resistance mutation [3] . AZD9291 is a novel oral, potent, and selective third-generation irreversible inhibitor of both EGFR-mutant sensitizing and T790M resistance mutants that spares wild-type EGFR [4, 5] . Unfortunately, although patients with EGFR-mutant tumours typically show a good initial response to TKIs, most tumour-tissue patients have a number of mechanisms that mediate EGFR TKI resistance [6] [7] [8] [9] [10] after approximately 9 to 14 months of continuous treatment [11] [12] [13] [14] [15] . Furthermore, these TKIs are associated with side effects that include skin rash and diarrhoea that are due to inhibition of wild-type EGFR in skin and gastrointestinal organs [16] . In the clinic, the keys of factors of chemotherapy failure are resistance and side effects. As a monotherapy, they have failed to overcome EGFR-mutant mediated resistance in patients, and it is difficult to control the quantity of drugs for inhibition of wild-type EGFR or cell injury in cancer therapy [17, 18] .
Recently, preclinical modeling and analysis of tumor tissue obtained from patients in the study of the disease have been employed. Such genetic technology [19] [20] [21] [22] [23] [24] [25] has led to the identification of a number of mechanisms that mediate EGFR TKI resistance. Acquisition of EGFR-mutants is now well established and more than 50% of patients exhibit resistance in tumour cells after disease progression [26, 27] . However, it takes time to detect resistance by genetic technology because the number of resistant tumour cells must accumulate by several orders of magnitude. An optical accelerometer based on the effect of surface plasma resonance (SPR), which can detect drug molecule interactions with EGFR and distinguish EGFR molecule structural changes [28] [29] [30] [31] . However, SPR as a probe [32] is problematic due to the limited power portion propagating in the sensing region where the analyte is located, resulting in a relatively wide resonance dip in reflectivity, a limited sensitivity and less luminescent efficiency.
Facing the above challenges, it is essential to get as much of the optical power as possible to propagate in the sensing region. Investigation of the mode power distribution suggests us to design a configuration that contains the sample in the guiding layer of the waveguide, where oscillating wave is located and most of the mode power concentrates. Addressed this issue, a hollow-core metal-cladding optofluidic resonator is developed to carry out the experiment [33] . In this design the use of double metal claddings which exhibit negative dielectric constant implies that the effective index of the guided modes can exist in the region of 0 < N < 1, which is usually prohibited for the conventional guided modes and the surface plasmon resonance. Excitation of the ultrahigh order modes (UOMs) [34, 35] with N 0 → which means group velocity approaches zero maximizes the interaction between tumor cells and the drugs. Furthermore, owing to light power concentrated in the guiding region it give rise to an enlargement of the luminescent efficiency [36] . These two measures make it possible to enhance the sensitivity of the platform. Experiment results have proved that optofluidic resonators provide an effective way to detect drug interactions in real time using EGFR and cancer cells process with CCD real-time monitoring of ATR shifts. 3-mm thick glass slide with 35 nm sliver on top, 10 × 4 mm2 rectangle channel embedded in a 0.5-mm-thick glass slab working as sample container in the guiding layer, and another 0.3-mm-thick glass coated with 300-nm-thick sliver at the bottom of the structure, the middle three layers form the guiding layer of the waveguide. These parts are optically contacted together and parallel to each other. Light is coupled into the sample channel of the fluidic resonator. (c) AZD9291, gefitinib and erlotinib drug molecular structures and NSCLC-EGFR molecular structure [37] . The optical setup is as shown in Fig. 1(a) . A computer controlled θ/2θ goniometer is applied for the accurate angular scanning of the incidence to ensure efficient energy coupling. The optofluidic resonator which acts as a symmetrical metal-cladding waveguide includes five layers. From top to the bottom, these five layers are a 35 nm silver coupling layer, a 0.3-mm glass slab, a 0.5-mm sample layer, another 0.3-mm glass slab and a 300-nm silver substrate. The size of the rectangular sample channel is 10 × 4 × 0.5 mm 3 . All parts are optically contacted with excellent parallelism. The middle three layers form the guiding layer of the thickness greater than 1mm to support the sensitive ultra-high order modes (UOMs). A CCD (uEye Cockpit, EO-10012M, Resolution 1.67μm X 1.67μm) is used to record signal data, collected by close-up lenses perpendicular to the reflected light. The flow velocity is 10 μl/s, and the time interval of the recorded data is 1 t s Δ = . Here, the free-space coupling technique [38] is employed to excite the UOMs. After passing through a collimating system, a collimated light beam with a wavelength of 473 nm (Continuous wavelength laser, DPSS and TM00) and power of 15 mW was continuously lased incident to the cladding-metal layer of the optofluidic structure. At the synchronized angle θ, the energy of the incident light is coupled to the optofluidic resonator and a attenuated total reflection (ATR) dip is formed.
Experimental system and bio-material
As the concentration of analyses pumped in the flow cell is changed, the ATR dip will shift due to the minute RI change. The stimulation results show that a molecular structure change in the sample, corresponding to a change of . RIU (refractive index unit), will consequently result in ATR dip shift of approximately 0.014 degrees, as shown in Fig.  1(d) . This means a sensitivity of 700°/RIU for the TE and TM modes. For comparison, in the reserve symmetrical waveguide sensor presented by Horvath et al. [39] , the experimentally achieved sensitivities of the TM and TE modes are 33.5°/RIU and 18.8°/RIU, respectively. Figure 1 (c) shows the three drugs' molecular structure and NSCLC-EGFR's molecular structure. In the experiment, NSCLC-EGFR was purchased from the Sino Biological Company using the NSCLC-EGFR protein constructed from a DNA sequence encoding the cytoplasmic domain (Met 668-Ala 1210) of human EGFR (NP_005219) fused to the Nterminal polyhistidine-tagged GST tag at the N-terminus. The recombinant human EGFR /GST chimaera consists of 780 amino acids and has a calculated molecular mass of 89.1 kDa. The molecular source is human. The protein purity was above 85% as determined by SDS-PAGE. In this experiment, the formulation was supplied as sterile 20 mM Tris, 500 mM NaCl, 10% glycerol, pH 7.4. Normally 5%-8% trehalose, mannitol and 0.01% Tween 80 are added as protectants before lyophilization. AZD9291, gefinitib and erlotinib come from the Innochem Company. Drug purity is more than 99% determined by a Spectrum Analyser. Drugs were dissolved in deionized water and all solutions were prepared immediately before use. During the analysis of cancer cell or protein interaction with drugs, in order to ensure the cells' activity, to keep constant environmental temperature at 36.8 ± 0.2°C is important. To demonstrate the human EGFR and cancer patient serum has same effect to promote the cancer cell growth and multiplication, we have a series of contrast test. And the NSCLC biopsies and serum take sampling from a terminal cancer patient at Zhengjiang Rongjun Hospital of China. The subject was a 53-year-old male whose cancer had progressed on multiple prior lines of chemotherapies and EGFR TKIs; resistance biopsy was T790M + , without evidence of the C797S mutation. The biopsies has been were separated and cell suspension in vitro. Fig. 2 , we can obtain that the NSCLC cell has been growth and multiplication in 2 and 4 culture tubes, due to 2 and 4 culture tubes has been injected same amount of patient serum and EGFR protein, respectively. And several times clear biopsies used 0.9% normal saline and were separated by dispase and 0.25% trypsin combined digestive method, and then cultured with NSCLC cells sterile culture medium. Whist the amount of 1 and 3 culture tubes cells keep the same 10 μL. According to test, we can consider the human EGFR is active and it can be considered a signification factor in promote to cancer overgrowth. Table  1 . And we have to measure culture tube RI every 6 hours to observation of cell growth and multiplication. (e) After 24 hours, the 1-4 culture tube has different amount of NSCLC cell. (f) NSCLC cell be obtained and examined under the microscope to confirm the diagnosis from culture tube. (g) The amount of NSCLC cell has been measured every 6 hours for every culture tube.
Sensitive detection of drug binding sites of NSCLC-EGFR and cell by changes in the refraction index
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As shown in Fig. 3 , NSCLC cell has been used to verity our method. In the 4 culture tubes, we have injected into kinds of solution as shown in Table 1 . In Fig. 3(g) , we can observe AZD9291 inhibits NSCLC cell growth and multiplication, however, the gfitinib and erlotinib has little usefully inhibit cell growth and multiplication. And compared with EGFR protein experiment, AZD9291, gefitinib and erlotinib pesticide effect has been tested in vitro. The experimental data demonstrate that has same conclusion with EGFR. In the experimental measurement scheme, a photodiode is employed to monitor the variation in the optical intensity of reflected light. As shown in Figs. 4(a-c) , AZD9291 is injected into the resonator, and a computer-controlled θ/2θ goniometer performs angular scans, while the intensity of the reflected beam is detected by a photodiode from 0 s to 60 s. The ATR dips are recorded; the ATR dip stands at a special θ and different degree apart at times other than the beginning and ending time. This is because AZD9291 interacts with NSCLC-EGFR, RI changes and the ATR dip shifts. The ATR dip of gefitinib stands at θ and =0.002 θ Δ degrees apart from each other. The series of ATR dips of erlotinib synchronized angle differences are not especially noticeable. By comparing the gefitinib and erlotinib ATR dip synchronized angles, we can observe that the NSCLC-EGFR molecular structure significantly changed by injecting AZD9291, and the θ shifted 0.160 degrees from 0 s to 60 s. There was a θ shift of 0.037 degrees and 0.012 degrees for gefitinib and erlotinib, respectively. As the θ shift displays, we can conclude that NSCLC-EGFR molecule structure can easily be changed by the interaction with AZD9291, and the NSCLC-EGFR molecule structure is changed by the interaction with gefitinib and erlotinib to an efficiency measured by AZD9291 rate of only 37% and 12%, respectively. Including the θ shift in 60 s, we can detect the performance efficiency of AZD9291, gefitinib and erlotinib to alter NSCLC-EGFR molecule structure. Real-time monitoring of drug interactions with NSCLC-EGFR molecule times is interesting and worth studying. In the following section, we provide a key route to solve this problem using the same optofluidic resonator.
Real-time monitoring of the drug interaction with NSCLC-EGFR molecule by ATR dip shift
At the incident angle θ, several ATR dip are presented in the reflective pattern and captured using a CCD camera. Every 2 seconds, an ATR dip shift was captured by CCD, and the fill NSCLC-EGFR molecule solution is in a fixed position for reference. The experimental response is illustrated in Figs. 5(a-c) ; a 1.0 μg/ml AZD9291 solution has been injected into a resonator that can cause the number of ATR dip to change to two and ATR dip position shift. After 12 s the ATR dip shift stops, and we consider that the interaction has completed. A 1.0 g/ml gefitinib solution causes the number of ATR dip to change to two and ATR dip shift at 14 s to stop after 24 s. With an erlotinib interaction with a NSCLC-EGFR molecule, the ATR dip shift remains the same at all times and is different from AZD9291 and gefitinib, as the ATR dip shift can hardly be found, such that NSCLC-EGFR molecule structure has been little changed by erlotinib. Calculating one of the ATR dip shifts in the experimental images by MATLAB, as shown in Figs. 5(d-g ), AZD9291 can cause that ATR dip shift at 2.0 μm in two seconds with a position from 53 μm to 68 μm at the reaction time.
To compare with the θ shift by the RI change in the second part, we can calculate the θ shift of 0.200 degrees by the ATR dip shift and can obtain the θ shift of 0.014 degrees of a step. That result seems to match with the 0.160 degree θ shift in the second part. There is a 0.04 degree value difference of ATR dip, we think it is mainly caused by a change in temperature of the waveguide structure due to the long time laser illumination, which makes the change in thickness and the refractive index of the materials. Due to the thickness of waveguide layer has added 1nm and the refractive index has changed 10 −6 , and the coupling angle has shifted 0.01 degree and 0.03 degree, respectively. As we all know, the temperature enable to thickness of object d changed by thermal expansion and contraction effect. In fact, our analysis of cancer cell interaction with drugs, still keep the cells' activity by 36.8 ± 0.2 °C constant temperature environments in the processing. If the ATR peak shifts 0.04 degree, and d should added Δd~4nm or the refractive index of waveguide layer 1 n changed Δn 1~1 3*10 −6 , respectively. Laser beam illuminate the waveguide structure for long time, which would enable the temperature of structure changed. Meanwhile, resulting in the thickness and refractive index of waveguide structure also changed. Therefore the ATR peak has shifted 0.04 degree that the glass layer of optofluidic resonator temperature T or refractive index changed. In addition, gefitinib can cause that ATR dip shift at 0.4 μm in two seconds with a position from 49 μm to 43 μm at the reaction time. Erlotinib can cause that ATR dip shift at 0.05 μm in two seconds with a position from 43 μm to 42 μm at a reaction time of 16 s-18 s. According to experimental data, AZD9291 can cause the NSCLC-EGFR molecule structure to change significantly in 2 seconds and react with NSCLC-EGFR molecule at the beginning and throughout the process for 12 s. In the Figs. 5(a-c) , we used a red dotted line frame to label of experimental data which is plotted the curves in Figs. 5(d-f) by MATLAB R2014a. Therefore, it is clearer that the data of Figs. 5(d, e) , and f come from Figs. 5(a-c) . For example, after 2s time the black line move to the right and 12s the black line keep stop in the Fig. 5d , that's match with Fig. 5(a) . So the line profile for Figs. 5(d-f) points to an increasing black line shift with time, and that does agree with the data presented red dotted line frame in Figs. 5(a-c) . Gefitinib reaction would begin at 14 s and last 10 seconds. Erlotinib seemingly does not react at all. Therefore, the ATR dip shift can effectively and accurately monitor the processing of drugs reacting with a NSCLC-EGFR molecule in real-time. While this way can give a new method to analyse drugs when they start combining, how long the process will take and what the different combining points of the drugs are is unknown. However, we only obtain the NSCLC-EGFR molecule structure change and distinguish the drug combining sites. Providing supportive evidence that gefitinib and erlotinib have low potency against NSCLC EGFR. Quantitative analysis of AZD9291, gefitinib and erlotinib showed inhibition of the NSCLC-EGFR growth efficacy, which cannot be detected by the ATR dip shift. In the fourth part, we have accurately and quantitatively analyzed the efficacy by measuring the proportion of molecular fluorescence spot area.
Label-free analysis of drug efficacy by the proportion measurement of NSCLC-EGFR fluorescence spot area
The energy of incident light is coupled to the optofluidic resonator at the synchronized angles ( , =0.125 ) θ θ θ ± Δ Δ  for the black location inside the reflected spot. In the experiment, a microscopic imaging amplification system is used to make the area of the reflected light spot 2 = S mm π with ten-fold amplification 2 =10 S mm π ′ . The energy was confined in this area with an enhancement and multimode oscillating field [36] . This field can enhance protein molecule spontaneous emission to detect molecular fluorescence in the coupling area.
As shown in Figs. 6(a, b) , the 0.1 mm*0.1 mm black area where light has been coupled into cavity in the excitation light beam (excitation light come from a 15 mW, λ = 405nm DPSS, TEM00 CW laser), was amplified 20-fold. There are several red and blue faculae. To observe these red and blue spot, the experimental image was transformed with a white background using MATLAB and can be seen in Fig. 5(c) . When the NSCLC-EGFR molecule solution is injected into the resonator, we can detect red fluorescence and no blue fluorescence. However, blue fluorescence was detected for AZD9291, gefitinib and erlotinib. A spectrograph (Andor SR-750, 0.01nm resolution of wavelength) was used to record the signal data collected by a 0.1-mm diameter fibre-optics probe, which is near the optofluidic resonator surface, as shown in Figs. 6 (f, g) is drug and EGFR molecular fluorescent which the centre wavelength of fluorescent are 630nm and 475nm by excitation light, respectively. Using the special property of molecular fluorescence, we can achieve label-free analysis of drug efficacy using the measuring the proportion of fluorescence spot area of the NSCLC-EGFR molecule. As shown in Figs. 6 (h-j) , when the excitation light knock on the chip and the centre wavelength 630nm the fluorescence of NSCLC-EGFR molecules has been excited and the fluorescence spot has been detection by CCD. When AZD9291, gefitinib and erlotinib has been injected the intensity of NSCLC-EGFR molecules has been changed in a 1 mm*1 mm area at 0 s, 5 s, 10 s and 20 s, respectivley. At 0 s, the intensity of NSCLC-EGFR molecules fluorescence which is red faculae was identical, but at 20 s, the values were significantly different. For example, red faculae almost all disappeared using AZD9291, and red fluorescence faculae remain unchanged using Erlotinib. Using gefitinib, red faculae disappeared. Thus, the proportion of NSCLC-EGFR molecule can accurately calculate AZD9291, gefitinib and erlotinib interactions to affect NSCLC-EGFR molecular efficacy, as shown in Fig. 7 .
AZD9291, gefitinib and erlotinib combine with protein. After 28 s, the proportion measurement of NSCLC-EGFR fluorescence spot area differed, and we can detect the proportion as 69.60% cut by AZD9291, 40.41% cut by gefitinib and 24.15% cut by erlotinib. Compared to the numerical decrease in the three drugs, the efficiency of the NSCLC-EGFR molecule was changed by the interaction with gefitinib and erlotinib as measured by an AZD9291 rate of only 58.06% and 34.69%, respectively. In contrast, 69.60% of NSCLC-EGFR molecule inactivation required an AZD9291 drug dosage of 88.96%, and thus we can calculate an AZD9291 efficacy of 61.92% (Efficacy = Total drug dosage* Molecule Variation). The same analysis was used to calculate gefitinib efficacy as 36.82% and gefitinib efficacy as 22.25%. According to the numerical value of drug efficacy, we can accurately distinguish drug efficacy via the statistical intensity of fluorescence in the coupling area of the optofluidic resonator. Finally, a 1.000 μg/ml EGFR solution contained 0.300 μg of the EGFR molecule, and 0.300 μg EGFR inactivation required 0.484 μg of AZD9291, 0.815 μg of gefitinib and 1.348 μg of erlotinib. 
Conclusion
Optofluidic resonators provide an effective way to detect drug interactions in real time using EGFR and cancer cells process with CCD real-time monitoring of ATR dip shifts. Experimental results show that efficiency of gefitinib and erlotinib are only 37% and 12% of AZD9291, respectively. This work provides evidence that gefitinib and erlotinib have low potency against NSCLC EGFR and that these inhibitors can drive resistance through the acquisition of NSCLC EGFR in patient. The second method, label-free analysis of drug-EGFR binding using the molecule fluorescence intensity from the time range of 0 s to 20 s, can accurately calculate 0.300 μg of EGFR inactivation, which requires 0.484 μg of AZD9291, 0.815 μg of gefitinib and 1.348 μg of erlotinib. It is demonstrated that using the resonator we proposed can enable timely discovery of EGFR tyrosine kinase inhibitor resistance in clinical processing and accurately calculate the quantity of drugs needed to reduce and inhibit tumour growth factors in cancer patient bodies. Our current research is focused on the chemotherapy clinic research and development of anti-tumor drug with help of ATR dip shift and the fluorescence detection. Since the high power density of the resonator, enhance Raman spectroscopy may be used to distinguish the drug molecule structure. This sensitive optofluidic resonator can also be extended to measure the trace concentration of poisonous in water and monitor the air pollution in the fields of environmental protection and food safety.
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